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ttATRIX or A:4T:30DY-COATSa SPOTS ?0H 
DSTS?.MIMATrOM OP ANTIGSMS 

Deserisftion 

Technical Field 

This invention ia in tha fields of cell biology 
and iamunology, and particularly relates to a novel 
iasnunoaasay device and method for the determination 
of antigenic substances. 

« 

Background 

Antigens on the surface of cells can b« detect- 
ed by their specific reactivity with antibodies in a 
number of ways. The most commonly employed methods 
are ioaunof luorescenco staining, radiobinding assays 
and coapleaent-mediated call lysis. In each method, 
15 the reactivity of cells with a particular antibody 
to a cell-surface antigen is datemined separately, 
that is, th« calls are incubated separately with 
each antibody to b* tested. For example, in a 
conplenant-aadiatad call lysis assay using micro- 
titar Plata*, calla ara incubated with antibody 
saparataly in sach wall of tha microtiter plata. 
Usually, tha microtiter plata is purchased with tha 
desired antibodies frozen ia the walls. After cells 
ara added to each wall and allowed to interact with 
2S antibody, complement is added along with a dya. 
Calls having antigens to which tha antibodies bind 
ara lysad and tha lysad calls take up tha sttala. In 
this way calls to which antibodies have bound may ba 
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detemir.ad by visually insoecciner ^^ 

Plata. -«ccin7 t>.e aicrocitar 

S-raquencly the nanber of i^n* 

" in.in.uai «,ra H^r' " 

-U«yp« «h. HiA-A. -a !^ a J tl"" 
' ion .n.i„„, , 

i:::^, ~' \ir:r " 

=-Pl. an. „a,„„ «<»ncL 1' ■ 

"""" « " 

■niis invention axDloits t-h^. 

"chn,^. .«:rn::,:nr :.r« n::'" 

tut.. ! invMtton conatt- 

d.t.cti„ * O.VIC. and ».th«. 
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T^-e device essentially comprises a oat-.arn or 
ar-ay of minute antibody-coated spots on the surface 
of a supoort. Each antibody-coated spot is aade up 
of antibodies of a different and distinct specifi- 
city. The spots serva as tiny, specific Lmuno- 
adsorbents of cells. The expression of particular 
surface antigen by cells may be detected 
aining to which antibody-coated spot the cells bind. 
A large number of different antibody-coated spots 
can be assernbled on a very s«all portion o£ the 
surface of the support. 

The invention represents a orajor simplification 
of existing iinmunocytological and • iinaunochemical 
methodology in that it eliminates th. '^"^^ 
repetitive pipetti.ng when a large number of indi- 
vidual tests for different antigens are performed 
such as in tissue typing. Other significant advan- 
tages of the invention are that all tests with 
antibodies may be performed simultaneously in one 
location, only a single application of sample is 
required as opposed to the repetitious pipetting of 
sample into a large number of separate wells or 
tubes, and very small amounts of sample and reagents 
are consumed. Also this invention eliminates the 
need for costly reagents such as complement which is 
require*, as its name implies, in the complement- 
mediated cytolysls technique. 



3riaf Oescripcion of ehe Dravlni^s 



10 



IS 



20 



Figure I shows tiia binding of mononuclear cells 
fron an individual with allotype HLA-A2 to anti- 
HLA-A2 antibody spots on glass surface. Figure la 
shows the binding of the mononuclear cells to an 
anti-aLA-A2 antibody spot of I naa in diameter, 
Figure lb shows binding to a spot of O.S ma in 
diameter, and Figure Ic shows binding to a spot of 
0.2S ma iA diameter. 

Plgura 2 shows the binding of mononuclear cells 
to a 10 X 10 spot matrix of anti-HLA-A2 antibody- 
coated spots. 

Figure 3 shows the binding of thymocytes from 
AiCR/j, 3AL3/C, and their PI to antibody matrixes 
containing anti-Lyt 2.1 and anti-Lyt 2.2. 

Figure 3a shows schematically the arrangements 
of the two antibodies in the matrix. Coating of 
antibodies, application of cell samples, and photo- 
graphy were described in the Examples. 

Figure 3b is the cell binding result with 
thymocytes of (AKR/J x BALa/c)Fl. 

Figure 3c is ths cell binding result with 
thymocytes of A2CR/J. 

_ Pigurs 3d is ths cell binding result with 
thymocytes of 8A£,8/e. 

3est Mode for Carryi ng Out the Inventian 

Ths ionmnoassay device of this invention 
comprises a support which has on its surfacs an 
array of antibody-coated areas or spots. 




Preferably, the supoort is a solid substance having 
a Slat, planar surface such as a glass or plastic 
coverslio. The antibody-coated areas fom snail 
spots on the surface of the support surrounded by 
5 uncoated surface space. The antibodies in the 

antibody-coated spots are conjugated to the surface 
of the support; they may be either covalently or 
non-covalently bound thereto. 

The most preferred arrangement of the soots on 

XO the surface ofi the support is a rectangular matrix. 
A matrix arrangement permits any spot to be readily 
identified by reference to coordinates giving the 
row and column number of the particular spot. The 
antibody spots should be closely spaced^ thereby 

IS minimizing the surface space occupied by the com* 
pleta arrangement of spots and in tum» oiniiRizing 
the amount of sample needed. For instance ^ a 10 
spot by 10 spot matrix should occupy about 1 cm^ 
or less, of the surface of the support. 

20 accordance with the invention « each spot, or 

each of certain sets of spots (such as the spots in 
one row or coluan) « is made up of antibodies of 
single distinct specificity. Sach spot, or each set 
of spots » contains antibodies whose specificity is 

2S different froa the specificity of antibodies in the 
other spots* Thus in an 100 spot matrix 100 
antibodies of different specificity may be tested. 
The'antibodycoated spots serve as minute, specific 
immunoadsorbencs for antigens with which the anti* 

3Q bodies react. Antibody«coated spots made up of 
antibodies directed against a particular surface 
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antigen of cells ser-ze as sseci'i^- . 
-or calls bearing c.iac surface antigen 

The density of antibodies in the antibody- 
coated spot, is related to the function of the soots 
3 as lamunoadsorbenta o£ cells Th« . 

.h. =.U. bind « 

"Odin,. le t. ,u,p,c«d tl,« brtdj., b,t„,;, 

!h! ""'i-y °' antibodies 
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desired, the antibodies rnay be chemically bound to 
the surface of the support by employing conventional 
.riethods for covalently binding proteins to a solid 
phase. 

5 The solutions of antibodies may be applied to 

the surface in the fora of tiny droplets. The 
volume of the droplet, of course, determines the 
size of the antibody-coated area. Preferably, the 
volume should range between 0.005-0.5 ;ul to yield 

LO antibody-coated dots with diameters of 0.25 ma - 1.0 
mm. The droplets should be placed on the surface so 
as to conform to the desired arrangement of 
antibody-coated spots. 

The solution can be delivered by micropipet, or 

13 by other suitable means. Preferably the applicator 
should permit application of droplets to the support 
surface in precise positions to cover uniform areas 
of substantially the same size. Any means for 
applying the solutions other than in the form of 

20 droplets, as for example^ a device that makes direct 
contact with the surface of the support to transfer 
the antibody solution thereto, should meet the sam« 
requirements. 

The preferred concentration of antibodies in 

25 the- solution applied to the surface for coating is 
abouc 10 jxq/ml^ It appears this is the optimal 
concentration for most antibodies. But because the 
binding "Of protein is dependent on its proportion in 
solution as well as its concentration^ the solutions 

30 of antibodies must also be highly enriched in order 
to obtain a sufficiently dense antibody coat for the 
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^a»r,d =,n .dh=..,n=.. M=„,clo„,l «=iScdi„ can 

producing th. »ncibo<l,.co4c.d „„. 

J b,=,™ .v.uai,l.. „.iiody .uitrl,., d.,,'" 
mna^on ot . wid. ot anti,.„ „ ^ 

AU, polyclon.1 antthodi., .ay b, obt.i„.d in 

" ... " ".tbodl.. ha„. 

b..« appuad t„ .urfac. o« .ft, a„p„,„ „^ 

•Uowad to raaain on ts. ,ut«ac. (or tii. ti:,. 
n«.„ary (or ad,or,ti„ or btndin, « o„»r, tft. 
«Ur, ,ur(a« o( tft. support i, (lood.d vitl^ . 
IS solution ,( ,rot.i„ or . aoiution o( „Lt 

" <lilut. th. u».d,orb.d antibodi., and in ord.r to 
bU« uncoatad .pac.. and non-,p.ci«o bindin^.i a. 
on tft. aurroundin, .„r(.c. o( tft. support. Tfti, 

10 - To 1 " "iout 5 

li lT"""- -=h" ""b*! vitn 

««lU.d -.t.r ^ driad. Tft. d.vic. «y ft. us.d 
i-m.dUt.ly, or It m.y b. .tor.d until u... 

IT., in a. uttl. a. I . J hour. 

certain «:rUc. antl,.n, ,r. pUo.d m ,„.p«.ion m 
"°7^ ..li«. and applt*. t, th. .ur(.c. o* tft. 

C.U, ft.«J.d to co».r tft. .nttr. «.trtx d.p.nd. upon 
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the size ,of the aatrix and the type of ceil. 
Generally, however, a?proxi.-nately 2 x 10^ cells in 
a volune of 200 jil are sufficient to cover all 
antibody-spots in a 1 ca^ natrix of spots. 

After the suspension of cells is applied to the 
surface off the support as above, the cells ara 
allowed to settle to the surface and react with the 
antibodies in the spots. Next, non-adherent cells 
are removed from the surface. This can be accom- 
plished by washing and agitating the device or by 
any other suitable method which 4oes not disruot the 
adhered calls. The matrix of antibody spots is 
examined to detaraina to which spots cells have 
bound. Cells may ba fixed and stained to aid in 
13 identifyi.^g the spots to which they have adhered. 

The immunoassay device of this invention can be 
used not only to detaraina tha presence of a spe- 
cific antigen on tha surface calls, but also to 
analyze functionally different cell subpopulations 
that express distinct differentiation antigens. It 
has been established that an antibody-coated solid 
surface can adsorb quantitatively from a mixed 
population of callj tha calls that bear the soecific 
surface antigaa with which tha antibody react. Tha 
23 antibody matrix method of this invention could ba 
used to dataxaina tha proportion of specific subsets 
in a mixed population, for exampla, the proportion 
of a" caiii, T calls, and fflonocytss in tha mono- 
nuclear call population or 'tha proportion of inducer 
and suppressor T calls in tha T call population. 
Since tha murine monoclonal antibodies that react 



20 



30 



-10- 



IS 



20 



2S 



soeciiically wich all chesa cells are available 
^.Tununoadherence device and netted 

- « - « 

antigens, v-xniaas, or bacteria 

^irai or a bacterial sample. 

«.tx Of dlff«.nt ««,.n-„.t,d 5POM, 

™I : ., ^" "•""■in*!, 
"•t. Bor. (»uy th. invontion. 



Monoclonal aneibodies - Mouse anti-huaan HLA-A2 
(I5GI), which was ori<?inaily developed by Parham and 
3odner, Mature 276 ;397 (1973), was purchased from 
Adancic Antibodies, Scarborough, MZ. The specific 
antibody had been enriched by the supplier from 
ascites fluid by a series of salt fractionation 
procedures. Allogeneic nouse anti-Lyt 2.1 H^ia) 
was originally developed by Shen and obtained from 
New England Nuclear, Boston liX in ascites fluid 
for™. The IgGj^ v** enriched by absorbing it to 
protein A-Sepharose 48 column. House anti-Lyt 2.2 
(IgM) enriched from ascites fluid was a gift froa 
Dr. Oavid Raulat of the University of Pennsylvania. 
The original hybridoraa was developed by Gottlieb et 
al. , lanunocenettics 10 :545 (1980). 

Chemicals and specific glassware - Fluorescein 
isothiocyanate was purchased from Research Organics, 
Cleveland, Ohio. Pyrex disposable micro-sampling 
pipets (1-5 microliters) wore from Corning Glass 
Works, Corning, MY. Th« pipets were heated and 
drawn into thinner pipets to deliver 0.005-1 ul. 
Graduations o£ O.S ul were marked by a fine-tip 
narkeff pe.n. tiicro cover glasses (0.13 - 0.19 mm 
thick, II X 22 an, 22 x 30 ma, and 22 x 40 ma) were 
obtained froa Arthur H. Thomas Co. (catalog numbers 
6663-FlO, 663-K19, and 6663-K46) . 

tiiea and calls - BALB/c mice were obtained froa 
Charles flivor Breeding Laboratories, Wilmington, «A. 
AXR/J and (AKa/J x BALS/cJ) ?l mice were obtained 
from Jackson Uboratociss, Bar Harbor, MB. Thess 
mice wera 6-8 weeks old whan used. Thymocytes- wara 
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Pr.jarei ,.v^„ ,„„„^^ ,«i„i,„ 3^,.., 

■lunin ?«rt?h.rH blood ncnonuelair c.u. v,r» ' 
?r.p«.d by «nt.-i;-4?in, h,patiniz,d blood on 
ri=ou/diatruo«. ,odi™ „l„io„ (d.l.077l (Jh... 
5 JUeatiway, MononacU« c.li. „„, 

.-,=ov.r.d ;ro« ch. l„t.rf.c. oj .h. 2.x.,„ ,i,„„. 
tlnuom denjley ^radiant. 

coatln. Of antxbodl.. . ^ _ 

Th, oovar ,Up. v„. plac^l at eh. c.nt.r cC a"i = 

^Uh and tn. inaid. ot th. lid v,r. o,..r,d with .^.t 
.=«P.r ti.a« to retain oot.tur,. t,„ia„ .p,ci-i.d 

: ;:rd"' "-""^ «i«ion ' 

«P=U.d a. a dot on th. ,rid with a ttn..ti= s 
ai«opi„t. Antibodi.. »,r. dilutad „ lo ;„,/.i 
.«h phoaphat. bu«.r.d aaiin.. p« 

.0 lr"o r O'livrm, d.-opl.t.",J 

f! i""*«ton at coo« eaap.ratur. 

h. di,„ ^^^^^ .tip, " ' 

5 flood*! .vlftty „ty, „, , ' «• 

-itn di«iu«J «t.r and drtad .tth .„ a.pip,tor 

Th. cov„ .Up. i^iUfly pUcd L"t 

< -tth th. ih.td. ot th. Ud, cov. J 
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with parafiln. The slips were then stored 4t 4*C 
until use. 

A^u^^^^,. Qg cells to the ant 'ibadv-coaced glass 
3Li33 - The antibody-coaced slips were cased on 
petri dishes. Mouse chynocytes or hu.-aan peripheral 
blood mononuclsar cells were suspended at 1 x 
loVtal in medi.uo containing L% fetal calf serun. 
A minisal suspension was placed on the antibody 
matrixes: about 30 ;il for a 3 x 5 matrix and 200 M 
for a 10 X 10 matrix. The cells were allowed to 
settle for 30 ninutes at room tenwsrature. About 10 
nl phosphate buffered saline was added to t.he petri 
dish. Nonadherent cells were knocked off and 
flushed away by capping the side off the dish 10-20 
ciaes. The' retained cells on cover slips were then 
fixed by incubating in 10 lal fomaldahyde solution 
(3.7%) for 30 tnift at room temperature. The cover 
slips wera than washed with distilled water and air 
dried on paper tissu*. I.i some cases, cells war* 
further stained with fluorescein isothiocyanate 
(0.0$ ag/Bl 1.1 phosphat* buffered saline) for 20 ain 
at 37»C b««oc« Wishing with distilled water and 
dryi.ng. 

Evaluaeiop <^»^^ binding - All the binding 
could b« evaluated siaply by the naked eye (without 
the us* o£ th« aicroscope) . Certain samples were 
photographed on a black, smooth- surf ace, non frac- 
tile paper with 5 or 30 tines magnification using a 
s tereomicroseop4 . 



-u- 

3indinq of c^Ua » .:..m 

Various amounts of nous, an^,' k 
antibody (10 :Z 2 '''''^''''' '^'^^ 

^ 0 00S.O.S u., .e.e appUed L s'::, -"[rnr^", 
glass cover slips. Amounts U-ger ^.1 n n = 
could measured and delivered '''' 
301U..0. in droplees smaller .1 ^ sX::," 
eacimatsd by the number of drooUts IL 
10 deliverad. for exa^ol., if 20 dro'r 
^ro« the deliverv of"o. ul t,e 

droplets was o.O 5^1. Aft„ 1 ^'^^ 
prepared as described above Vr ,:!::: 
mononuclear cells isolated * P^'^-Pheral blood 

13 allotype A. were aop edt\\°r "'''"''"^'^ ^^^^ 
areas a'... h ■ . " *ntibody coated 

A.ter binding, nonadherent call, 
*way; adherent cells were fixed Itri 
«d dried. Cover slin. f=rnaldehyde 

-c-scope andT: phTwiTir * 
20 ?i9ure I Show, the l I f, ^'^'"onicroscope. 

^ianeter dot, at 50 til 

aj:Lt^:tT:r::^^^^^^ :::r r — 

23 vera placed an . s ^'^^ slips 

«AA spaea In the dots is fiM^^ 
30 «f 0.231 ma dots are still 

-«ntai« UOO cans thee. . ' 

tha limit, that ca^ . "^^^^ 
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Table I. >iuncer of cells in antibody dots of 
various sizes 



Siza of dots I mi O.S mia 0.2Sma 

(diaiseter) 

Muaiber of cells* 17000*2000 4S00t30O 1100*200 



*Nunb«rs aca mean t standard devia'tion of three 
deterninations. 

Analytical capacity of antibodv matrixes 

If antibodies of relevant but distinct speci* 

10 ficities can be prepared and purified, they can be 
coated on a small area on a solid phase and used to 
analyse antigens. The most convenient organization 
of such antibody dots would appear to be arrays as 
exemplified in Fig. 2, in which one hundred antibody 

L3 dots wera arrangied in a 10 x 10 'matrix* square. In 
this exampla, mouse anti-human »LA*A2 was the 
antibody, and peripheral blood mononuclear cells 
from an individual with A2 allotype was the cell 
antigen. 

20 Table 2 elucidates the analytical capacity of 

antibody- matri::es. The discussion was based on a 
matrix area of I ca^. Assuming all antibodies are 
available, the typing for the HIA-A, 3, C, and OR, 
• which have about 30 allotypes altogether, can be 
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Perfoc^ied with oaa csU sanal. , • 

aUo.,pe, can .e .epeace." ."/'^^^^^^^ 
chac Che analysis of cha =e . ! " 

-atrix nay have ch, capacity equivalent 

several microtiter ?late5. or 



Table 2. 
matrixes o 



The analytical caoacitv 

f 1 ^„ ^ =*Pac«y of using antibody 
f I cm to decarmine' antigens. 
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Size of dots 
(dianetar) 

^^'ir of total does* 

^"^•r equivalent o£ 
raicrociter plates 
(SO well,) 

.^uab«r of r«puc«ee« 

ioz HLA typing 

(80 total allotype.) 
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0.3 nm 0.2S .txj 
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430 



dots. 
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Call sanoU and antiisodv reauireman t usincp .n.<s^H.. 
■T.arrix anaivsis 

Aasuning nonortuciear cells are 7 ^ in dianeter 
(soma are obviously larger), a sqiiar* of I ca^ aay 
ba complataiy covered witii 1.5 x 10^ cells. In 
Jact, in cha prasenc studies S x 10^ cells (in 50 
/li) and 2 X 10^ calls (in 100 ;al) vara applied on 
areas of 0.2S ca^ (5x5 matrix) and I ca}' (lo x 
10 matrix) , respectively. Since one ml of blood 
contains on tha average I x 10^ mononuclear cells, 
a few cil off blood is enough for a I ca^ antibody 
natrix test. 

T^a antibody matrix requires only very small 
amounts of reagents. If an antibody is coated at 
10 /ag/mi concentration, which is optimal for most 
antibodias, I mg antibody can maka 200,000 antibody 
dots of 0.5 nam diaaatar (sea Table 3). 
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TaJDle 2. Antibodv solatia^ 

^o<iy dots. ' t, coat .„u. 



Siza of docs 

Approxi.-nate volume 
antiijody solution 

"unbar Of doc, that 

1 ray antibody can 
coat* 



liTua 

O.S jil 
20,000 



0.3. 



0.23 ma 
o.oos^ai 
^^^'OOO 2,000,000- 



^-^^cd:, concsnt.ation i, 



Binding 

* -y« 2.x and tyt 2.2 
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monoclonal antibodies have been developed, and 
isotypes of eha antibodies can be readily isolated 
from ascites of nice bearing the specific antibody- 
producing hybridomas. 
5 Fig. 3a shows scbenaticaily how the two anti- 

bodies are coated alternately to form 5x5 ma- 
trixes. The size of the matrixes are (0.5 cm) ^ 
and t.he size of the dots is O.S mn in diameter. 
Thymocytes from AXR (Lyt 2.1+), 3AL3/c (Lyt 2.2*), 

10 and (Ai?a X 8AUB/C) Fl (Lyt 2.1" and 2.2*) were 

applied on the matrixes on a cover slip. ?ig. 2b, 
3c, and 3d show that AKR cells bind to only anti-Lyt 
2.1 spots, 9AL3/C cells bind to only anti-Ly« 2.2 
spots, and cells of their PI bind to both spots. 

IS The binding is very specific, m a single cell 

binding assay using 5 x 5 matrix as shown in Fig. 3, 
the test with anti-Lyt 2.1 was repeated thirteen 
tinea and th« test with anti-Lyt 2.2 twelve times. 

20 Industrial ApolleabllitY 

It la contenplated that this" invention will bm 
employed in clinical and research laboratories in 
tests or pcocedurss re«iuiring multiple antigen 
determinations. Generally, preparation of the 

2S immunoassay devica, a procedure which requires the 
coating o£ a larga number o£ antibodies onto glass 
coverslips or other types of supports, is not for 
routine practica in thasa laboratories, in order 
toe this invention to be widely used, the devices 

30 should be made commercially available to users. To 
manufacture the devices in large number, a 
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CLAIMS 



An uTuaunoassay device comprising a support 
having on a surface thereof an array of small, 
discrete, closely spaced antibody-coaced areas. 

An irjaunoassay device according to Claim 1 
wherein all of said ancibody-ccatad areas have 
substantially the same size and shape. 

An immunoassay device according to Claim I, 
wherein the antibodies in said small, discrete 
antibody-coated surface areas are adsorbed to 
said surface uniformly and densely such that 
when cells bearing surface antigens to which 
said adsorbed antibodies bind are brought into 
contact with said antibody-coated areas in 
sufficient concentration, the cells adhere 
tightly to said antibody-coated area to form a 
layer of bound cells which is microscopically 
uniform over the entire antibody-coated area. 

An immunoassay device according to Claim 1, 
whereia thm antibodies in said antibody^coated 
_ areas ar« covalently bound to the surface of 
said support. 

,Art immunoassay device according to Claim I, 
wherein th« antibodies in each of said anti* 
body-coated surface areas, or in identifiable 
sets of said antibody-coated surface areas, are 



wo S4/0J151 



•22- 



antibodies of diifaranc and distinct speci- 
ficity. 

S. An irmunoassay cavica according to Clain 

wherein the antibodies in said antibody-coated 
3 areas are highly purified polyclonal anti- 

bodies. 

7. An iOTtunoassay device according to Claim 1, 

wherein the antibodies in said antibody-coated 
areas are monoclonal antibodies. 

10 8. An ianunoass.ay device according to Clain I, 
wherein the support is a glass or plastic 
coverslip. 

5. An inaunoassay device according to Clain I, 

wherein the array of said antibody-coated areas 
13 is a rectangular matrix. 

10. An imsunoassay device according to Claia I, 

wherein said antibody-coated surface areas are 
dots having diameters of about 0.2S mn to 1.0 

— mn* 

20 II. An innunoassay device according to Claia I, 
wherein said antibcdy-coated dots on ths 
surface of cho support ara arranged in a 
compact S • 10 dot by 5 • 10 dot rectangular 
matrix. 



An Lrjnunoassay device according to Clain 10, 
wherein the entire ractangular matrix is 
contained vithin an area of about 0.3 - L.O 
cn^ o£ the surface of the support. 

An irjnunoassay device useful for determining 
allotypes of the Lyt 2 differentiation antigen 
on the surface of thymocytes comprising a glass 
coversli? having on its surface, small discrete 
anci-Lyt 2.1 and and anti-Lyt 2.2 antibody- 
coated dots arranged in the form of a compact S 
dot by S dot rectangular matrix, said dots 
having diameters of O.S mm. 

A method of producing an immu.noassay device 
which comprises the steps of: 

a) applying droplets of substantially 
enriched aqueous solutions of antibodies of 
distinct specificities to the surface of a 
supports locating said droplets so that they 
cover small, discrete, closely spaced areas of 
thm surface of a support and form an array; 

b) allowing said aqueous solutions of 
antibodies to remaia on said areas of ths 
surfacs for a period of time long enough for 
tha antibodies in solution to b« adsorbed to 
said areas of ths surfacs to form antibody 
coated areas; 

c> swiftly flooding ths entire surfacs of 
ths solid support with an aqusous solution of 
protein in order to diluts ths unadsorbed 
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ant.bod.es the various soU.ion, of anti- 
bcdxss and in order to block non.,oeciiic 
oinding Sices in area of the surface of zhe 
solid support vhich surrounds che ancibodv- 
coaeed areas; 

d) washing and drying the device. 

IS. A method of producing an iaaunoassav device 
according to CIai» wherein in s;ep a said 
snail discrete areas to wt^ich said solution. 
Of antibodies are applied are substantially the 
sane in size and shape. 



^ aethod according to Clai.: U, wherein in steo 

* the concentration of antibodies in said 
aqueeu. solution, of antibodie. i, about 10 

A a.thod according to Clai« U, wherein in step 

* each solution of antibodie. i, applied to the 
surfac. Of th. solid support in tho forn of T 
tiny^droplat having a volua. of about 0.005 ^l . 

«MU, discreto area, of the surface of tho 
support to Which said solution, of antibodie. 
«• applied are dot. having diamoter. of about 
0.25 en to l.o aa. 



A .method according C3 Claia L4. wheraia said 
docs are Lacacad on =he surface of the solid 
suooor? to eor^i a rectangular matrix. 

A aethod of dacsraiaing the presence of parti- 
cular antigens on the surface of cells compris- 
ing the steps of: 

a) apolying * suspension of cells to tae 
surface off "a support, said support having upon 
its surface an array off snail, discrete, 
antibcdy-coated spots, each spot, or each off 
certain sets off spots, coated Vith antibodies 
of different and distinct specificity, 

b) allowing th« cells to settle upon the 
surface off the support so that the cells cone 
into contact with all of the antibody-coated 
soots; 

c) allowing th« cells to react with the 
antibodies in th« antibody-coated soots; 

d) reoovin? non-adherent cells; 

e) detexBining to which antibody-coated 
spot* th« cell* adhered. 

. A nethod o£ deteroining allotypes of Lyt 2 
" differentiation antigen on tha surface of 
thymocytes cooprislng the steps off: 

a) applying a suspension of thymocytes to 
" tho'surfaca off a glass coversllp, said 
coversli? having upon its surfaca small, 
discreta anti-Lyt 2.1- and anti-Lyt 2.2-antt- 
body-coated dots arranged in tha form of a 5 
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doc by 3 dot rsctanguiar .-natrix, so that the 
suspension covers the entire rectangular natrix 
of antibodycoated soots; 

b) allowing the thymocytes to settle on 

3 the surface of the glass coverslip for about 30 

minutes; 

c) removing non-adherent thymocytes by 
washing with phosphate buffered saline and 
agitating the coverslip; 

10 d) staining the adherent cells with 

fluorescein isothiocyanate;^ 

e) visually inspecting the matrix of 

antibody-coated spots to deteraina whether the 

cells have adhered to the anti-Lyt 2.1-coated 
13 spots or the anti-Lyt 2. 2-antibody-coated 

spots. 

22. A method of determining the presence of partic- 
ular antigens in a liquid comprising the steps 
of: 

20 a) applying e sample of the liquid 

contAinin? antigens to the surface of a sup- 
port* said support having upon its surface an 
array of small, discrete antibody-coated spots, 
each spot coated with antibodies of different 

2S and distinct specificity, so that the antigen 

containing liquid comes into contact with all 
of thtt antibody-coated spots; 

b) allowing the antigens to react with 
the antibodies in the antibody-coated spots; 
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c) washing ci:s davlca to rsnova all 
unbound antigens; 

d) datarnining to which antibody-ccatad 
spots antigens are bound, 

23. A method off deternining the proportion of calls 
bearing specific surface differentiation 
antigens in a mixed population of cells coa* 
prising: 

a) appl/ing a suspension of cells to the 
surface of a support, said support having upon 
its surface an array of smalls discrete , 
antibody-coated spots, coated with antibodies 
of different and distinct specificity; 

b) allowing the cells to settle upon thz 
surface of the support so that the cells cone 
into contact with all of the antibodycoatad 
spots; 

c) allowing thtt cells to react with the 
antibodies in thm antibodycoated spots; 

d) removing noa*adherent cells; 
e> quantitating cells bound to the 

antibody-coated spots; and 

f) calculating the relative proportion of 
cells* 

2S 24. An iimattnoassay device comprising a support 

having on a surface thereof an array of small, 
discrete r closely spaced ancigen-coated areas 
each of said areas coated with a different 
antigen. 
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25. A .-nechod of deter=lini.^<T tha ani.i^»- 

^ tna antigen specificitv 
off antibodisa ir. a 'ictii«4 • 

a --quia csmprisi.ig c.'".e sc-s 

of: 

a) applvir.g a sample of c.he U-uid 
containing antibodies to the surfacrof a 
support, said support having upon its surface 
an array of saail, discrete antigen-coated 
spots, each spot coated with a different 
antigen, so that tha antibody containing liquid 
comes into contact with ail of the antigen- 
coated spots; 

0) allowing the antiiodie, to react with 
the antigens in the antigen-coated soots; 

washing the device to removi all 
^3 unbound antigens; 

d) deteraining to which antigen-coated 
spots antibodies are bound. 
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Fig. IB 
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